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Abstract The purpose of this study was the analysis of a
correlation, in infertile patients, between the quality of the
endometrium based on its vascularisation and the chances
of conception. Hysteroscopy was carried out to determine
the quality of the endometrial surface using the Sakumoto–
Masamoto classification (“good” vs. “poor” endometrium)
in the secretory phase of the menstrual cycle. The results
were set in relation to the outcome of the subsequent
infertility treatment, i.e. the establishment of a pregnancy
within the study period (4 years). In 108 (67%) of the 162
followed-up patients, the endometrium was endoscopically
classified as “good”, while in 54 (33%) the result was
“poor”. The overall pregnancy rate was 37% (60 patients);
47 of all pregnancies (78%) occurred in women with a
“good” endometrium while 13 (22%) had a “poor”
classification. This positive association between the estab-
lishment of a pregnancy in the follow-up and a "good"
classification of the endometrial vasculature in the group
with a "good" endometrium was significant (P=0.0165,
Fisher's exact test). This study confirms the usefulness of
endometrial evaluation by hysteroscopy as a diagnostic
instrument for providing a prognosis of the chance for the
patients to become pregnant.
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Background
One of the most difficult questions put forward by patients
after the failure of a fertility therapy such as in vitro
fertilisation (IVF) and intra-cytoplasmic sperm injection
(ICSI) is related to the lack of success. The implantation
rate per transferred embryo normally does not exceed 30%.
Often the failure of “embryo implantation” is given as an
explanation as the failure in one of the most critical stages
at the beginning of conception, i.e. when apposition and
implantation has to occur inside the uterine cavity. Current
knowledge about the mechanism of these interactions is
still difficult to interpret [1].
Various different suggestions have been made for
investigating these mechanisms and attempting to under-
stand which would be the characteristic elements of the
endometrium that ensure ideal conditions for the embryo;
but they have until today been limited to the so-called
theory of the endometrial “opportunity window” [2] and did
not offer effective clinical instruments for understanding
which groups of patients would be at an increased risk of
embryo implantation failure [3]. By using hysteroscopy as a
diagnostic procedure for the assessment of pathologies
inside the uterine cavity, it has, however, been shown that
the differential characterisation of the endometrial surface
could be a helpful tool for evaluating the in vivo
vascularisation of the uterine mucosa. Already, Sakumoto
et al. in 1992 in the first place [4], and after him Masamoto
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et al. in 2000 [5], have described the technique and used
this differentiation in order to demonstrate that the
endometrium could be classified into two distinct groups:
a “good” endometrium, which has circular gland openings
and an intense vascular ramification on one hand, and a
“poor” endometrium, which is characterised by a surface
with a lower gland and vascular density on the other.
The purpose of this study was to demonstrate the impact
of the hysteroscopy, according to this vascularisation-based
staging, and to investigate whether this endometrium
quality could be used as a tool to assess the potential to
achieve a pregnancy irrespective of the chosen type of
infertility treatment.
Materials and methods
All infertile patients attending our fertility centre and with a
regular menstrual cycle were asked to participate in this
comparative, prospective study. They underwent a pre-
operative transvaginal sonography (TVS), a full hormonal
assessment (FSH, LH, 17β-estradiol, thyroid-stimulating
hormone and prolactin) in the serum on cycle days 3 to 5
and then a hysteroscopy in the second part of the menstrual
cycle for evaluating the vascularisation of the endometrium.
Informed, written consent was obtained from the patients
after explanation of the study by the clinician prior to the
procedure, and they were asked to avoid a pregnancy in the
examination cycle. The study protocol was approved by the
local ethical committee.
The inclusion criteria were infertility (absence of
conception after 12 months of regular, unprotected inter-
course), age less than 43 years, regular cycles (25–31 days)
and normal hormonal values (including FSH <12 mU/mL)
had to be fulfilled. All partners provided a spermiogram for
the exclusion of male factor infertility. Further exclusion
criteria were known causes of uterine malformations,
endometrial adhesions and hormonal therapy such as oral
contraceptives or other oestrogen–progesterone medications
within the last 3 months before hysteroscopy. If necessary,
the procedure was combined with a laparoscopy to test the
tubal patency, and the hysteroscopy was done in most cases
during the same operating session and under general
anaesthesia. The ultrasonographers were located in the
same university department, but not involved in the surgical
procedure, and the surgeon was blinded to the TVS
findings.
The endometrial surface was evaluated according to the
Sakumoto–Masamoto grading ("good" vs. "poor"). Endo-
scopic findings were categorised as "good" with an
appearance representing ring-type glandular openings and
maximal glandular secretion or "poor" with a low develop-
ment level of vessel networks on the endometrial surface.
This is illustrated in Fig.1. Hysteroscopic procedures were
carried out when indicated (e.g. polyps, myomas, adhe-
sions, septa). The diagnostic hysteroscopy was performed
with a 5-mm-outer diameter scope (30°, Karl Storz)
connected to a standard endoscopic camera, and a saline
solution at low pressure (not higher than 60 mmHg) was
used for the distension of the uterine cavity. Hysteroscopic
findings were observed and analysed by three gynaecolo-
gists using videotape records.
The follow-up interval lasted for 12 months from
hysteroscopy. Data were recorded and analysed for a
correlation between the vascularisation score of the endo-
metrium and the occurrence of embryo implantation
(spontaneous pregnancy, successful outcome after hormonal
stimulation with or without intrauterine insemination or
Fig. 1 Endoscopic examination
of the endometrial surface and
scoring. a “Masamoto good":
ring-type glandular openings
and well-developed vascular
networks are visible. b “Masa-
moto poor": glandular openings
are punctate typed, and the
visible vasculature is sparse
Outcome Endometrium "good" Endometrium "poor" Total
Pregnant 47 13 60
Not pregnant 61 41 102
Total 108 54 162
Table 1 A 2×2 contingency
table for endometrium evalua-
tion and pregnancy outcome
P=0.0165 by Fisher's exact test
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successful IVF/ICSI-embryo transfer treatment). For statis-
tical evaluation, the Fisher's exact test was applied using
GraphPad Prism Software (San Diego, USA). For alpha, we
considered 0.05 as cutoff value to avoid type I error.
Findings
A total of 178 infertile women underwent a hysteroscopic
assessment, and 162 (91%) of them could be followed up in
our hospital. A "good" endometrium according to Sakumoto–
Masamoto staging was diagnosed in 108 of them (67%),
while 54 (33%) patients were graded as "poor". No differ-
ences in the distribution pattern of the causes and duration of
infertility, the age of the patients (mean 33.8 years in the
"good" and 33.6 in the "poor" group) or the pre-treatment
day 3 serum level of follicle-stimulating hormone (6.8 and
7.4 U/L) were observed between these two groups.
A normal uterine cavity was reported in 133 (83%)
women, while endometrial polyps, submucosal fibroids,
adhesions or uterine malformations were found in 29 cases
(17%). On the other hand, the pre-operative TVS indicated
intrauterine pathologies in 15 cases (9.3%). The overall
pregnancy rate was 37% (60 women); 15 women became
pregnant spontaneously, 22 patients succeeded after follic-
ular stimulation with recombinant gonadotropins (rFSH)
and 23 after treatment with in vitro fertilisation and embryo
transfer including ICSI.
In the total pregnancy group (N=60), a "good" endome-
trium was found in 47 women (78%) while this was the
case in 61 patients (60%) of the group who did not achieve
a pregnancy. Forty-one patients with a "poor" endometrium
did not succeed in getting pregnant. Only 13 patients with a
“poor” endometrium did succeed in establishing pregnancy
in the follow-up. The association between endometrium
quality by Sakumoto–Masamoto classification and preg-
nancy outcome was statistically significant (P=0.0165,
OR=2.43, CI=1.17–5.05); the contingency matrix for the
pregnancy outcome is shown in Table 1.
Conclusion
Our results confirm those of the studies carried out by
Sakumoto and Masamoto [4, 5], indicating that a hystero-
scopic examination of the mid-secretory endometrium can
be a reliable instrument for determining the chances of a
patient to become pregnant. The classification in “good” and
“poor” is leading to the conclusion that a poorly vascularised
endometrium with limited glandular (secretory) structures
may result in a tissue which is not suitable for a correct
embryo implantation and endometrial development, and this
irrespective of other factors of sterility.
Nevertheless, our results showed a lower fraction of
patients (one third) with a “poor” endometrium in compar-
ison to earlier studies (45.9% in the study of Sakumoto [4]
and 61.3% in Masamoto et al. [5]): we believe that this
difference can be explained with a different patient
selection in the study groups. As a matter of fact, we did
not focus on patients with a history of repeated abortions as
it was the case in the study of Masamoto [5], but on a
global infertile population.
Another clearly interesting but only partially surprising
finding is the high percentage (17.2%) of intrauterine
pathologies that have been diagnosed in the hysteroscopic
examination when compared to the total number of patients
with suspected intracavitary problems found in the pre-
operative sonography (9.3% of all women, and this in spite
of all ultrasound examinations having been carried out by
the same team of experienced gynaecologists). These
results, nevertheless, are in large agreement with previously
published studies [6, 7].
We therefore conclude that a hysteroscopic examination,
particularly in cases of idiopathic infertility or after several
unsuccessful treatment cycles with in vitro fertilisation [8],
is strongly indicated [9] and has the added benefit of
providing a prognostic measure for determining the chances
of the patient to become pregnant, in the future, in addition
to its diagnostic significance [10].
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